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IHSRODUCTION. 



With the Inoresslng Aevelopisent of forestry in the 
United States the problems eoneemed in the deoay of timber, 
both in the living tree and after the trees are out, are beoom* 
ing more cmd more important. While the pathologist has already 
described, on a histologioal basis, many of the different types 
of rot caused by various wood->destroying fongi, yery little has 
been done up to the present time vhloh would give us an aoourate 
Imowledge of the change in chemical contpositlon of the decayed 
wood* 

In order to understand the ehemieal action of the fun- 
gus on the wood, it is first necessary to know thw chief con- 
stituents of wood. These may be classified as follows: 



CABBOHYSBATES. 



WOOD. • • • • 



t pentosans (OHO) 

5 8 4 
pentoses ( C E ) 

6 10 5 
thexosans (OH } 

6 10 fi 
/acetyl ( H C ) 

tlignin - i/-foiMyl ( H C ) 



I 



LIGHOCEIiLULOSE : Noitethozy (OHO) 

: 3 

: cellulose (CEO) 
6 10 5 z 

ASS - chiefly ( Ca C ) and ( K C ) 

BESinS 4- 70LATI£E OILS ( in softwoods only ) 
CHR0M06EJT substances ( XAMUSTS, etc. ) 
FR0TSI53 ( in very small quantities ) 



Digitized by 



Google 



Digitized by 



Google 



-2- 

In the preoeding table £ refers to the benzene naoleu^ 
In wood-tar this Is the sonree of phenols vhloh give the tar in a 
large measure its toxLo properties* It is seen that the ohief 
eonstitnents of wood are the lignoeelltilose and the oarbohydrates. 
Ligain is here considered as the non-oarbohydrate oonstitnent of 
lignooellulose. 

One of the most oharaoteristie reaotions of lignooellu- 
lose is its behavior towards the halogens* Lignooellulose takes 
up the halogens , whioh i'n>this<^^S'e istt<i» tc the presenee of un- 
saturated bonds* Pure oellulose oannot be halogenated* Sodium 
sulfite dissolyes out the halogenated produot, that is the lignln, 
and leaves the eellulose unattaelced. 

Another oharaoteristie reaotion of lignooellulose is 
the absorption of phlorogluoin. The proportion of phlorogluoin 
absorbed is approximately in ratio with the quantity of lignin 
that is present* 

The lignooelluloses give a series of oharaoteristie 
oolor reaotions with aromatio amines or phenols , whioh can often 
be used for a qualative determination. However, the oolor reac- 
tions with amines or phenols oannot be depended upon entirely, 
for there are more or less woody substances lAiioh give no oolor 
reactions. This has been definitely shown by Hancoclc and ])ahl*. 
The same is true in the case of jute fibres whioh contain ligno- 
oellulose* After boiling the jute fibre with alkali, the ligno- 

* Berichte d* d* Chem. Oes* 29, 1556 ( 1696 )* 
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oelltilose tliAt remains gives no color reaotlon* 

Sinoe the lignin is not a simple and definite substance 
but an aggregate nhieh varies in ooioposltion, it vould be expect* 
ed tbat these color reactions could not be used for guantltatlTe 
determinations of lignin* 

According to Ciross and Sevan lignin consists of keto-> 
hexene groups* These authors give the follovlng formala as an 
approximate constitution of llgnooellulose: 



H.(OH CO) .HO X5H QHCH.CT -*U WfOf^oel 



V 



(OH CO) 
8 Z 



CH 



-QHCH.(m -*U MfOfioellxaose ) 
N)H alpha beta 



•V 



H.OOH 



8 



Thus the source of methyl alcohol, formle and acetic acids in 
the destructive distillation of irood is explained by the pres- 
ence of acetyl, formyl and methoxy groups* Haturally the yields 
would vary with different woods, depending upon the composition 
of the lignin* 

The pentoses and pentosems, occurring as wood-gams » 
and their methyl derivatives, yield furfurol and methyl furftr- 
ol om treatment with hydrochloric acid ( sp. gr. 1.06 ). 
The reaction is as follows: 
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rCHO 

rOHOH 

rCHOH + HCl = > + 3 H 

rCHOH 

rCH OH 

2 
pentose 



Purfarol and methyl furfarol form insoluble phloroglucides# The 
methyl furfurol-phlorogluolde, however, is soluble in ethyl alco- 
hol^ and oan therefore be separated quantitatively from the fur«- 
farol p^orogluoide* 

The hescosans^ in most oases » ctre found only to a small 
extent as a constituent of wood-* galactan and mannan being the 
most important. Galactan can be determined by oxidation with ":* 
nitric acid to muclc aoid^ while the mannan can be determined 
by hydrolyzing with sulfuric acid to mannose and precipitating 
the mannose as mannose-phenylhydrazone* 

JQiowing the chemical composition of the sound wood^ 
we oan therefor determine(the change) the change in decayed wood 
produced by the fungus# The object of the present research has 
been to study the nature of these chemical changes due to the 
action of the fungus on the constituents of the wood. 
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PEEPAEATIOH OP MATERIAL 

A log of oompletely heart-rotted red oak about four 
feet in length, colleoted in the vicinity of Madison, vi^isconsin, 
by Lir# M. C. Jensen, was the first specimen analyzed. This was 
thoroughly infected with jj^omes applanatus -(Pers.) Wallr, , and 
bore a large sporophore of the fungus at the base. About six 
months previous to the collection of the material, the tree had 
been broken off near the surface of the ground by a windstorm. 
The log selected for analysis was cut from the butt of the tree 
and was approximately eighteen inches in diameter. It consisted 
of decayed heart- and sap-wood and some sound sap-wood which 
comprised an outer shell from one to two inches in thickness. 
Uniform samples of sound and decayed wood, respectively, were 
prepared by the following method: 

A good sample was selected and cut into saw-dust and 
then ground in a mill so that the material would pass through a 
forty-mesh sieve. The ground saw-dust was then put into a seal- 
ed containeft until ready for analysis. In the case of the sound 
wood, some very thin shavings were also prepared and preserved 
in a sealed contained. 

The specimen of decayed red ppruce was thoroughly rot- 
ted by Trametes pini var. abietis , Karst. ihe material was col- 
lected by Mr. 0* J. Humphrey in September, i9i4, along the shores 
of Clear lake, iJew York. The log selected was taken from the 
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trink of a fallen tree approximately six inches in diameter. The 
tree had only the one fungus fruiting upon it. About a quarter 
of a mile off , a sound red spruce of about the same diameter as 
the decayed spruce was selected, i'he tree was cut about eighteen 
inches from^ the ground and a butt log four ^d a half feet long 
selected. 

a?he decayed red spruce had thin strips of resin scat- 
tered in various prrts of the wood. On microscopic examination 
of these resinous strips, they were found to be more or |)ess 
penetrated by the mycelia of the fungus, un analysis, they were 
found to cont'\ln- 37,5^ of resin, xViese strips or pits of resin 
were discarded cas far p.s -possible, in selecting S'l^.m-ilen for 
an'ilysis. The decayed ^ood vrrs o:! such a consistency, that it 
it could bo crusl?ed between the fingers. The srimples for analy- 
sis were r)re^npred in the same manner as in the ease of the red 
oak. in both cases the wood w^.s entirely freed from bark before 
analysis. • 
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I.CTHCD OF AlIi^iYSIS. 

The methods of analysis used in this investigation are 
those worked out and in some oases, modified by LIr. A. W. Sehor- 
ger, of the i-orest Products Laboratory, i'he method used for the 
determination of cellulose is a modified form of the chlorination 
method of Cross and Sevan* • The methods of manipulation have 
been so changed as to render the procedure more rapid and conven- 
ient. The use of the alundum crucible is especially of great as- 
sistance. 

The Tollens toethod** for the determination of pentosan 
and methyl pentosan » as well as pentoses ^ has not been changed 
to any appreciable extent. 

Methfxy determinations have not yet been made. A mod- 
ified form of apparatus is now being constructed and as soon as 
it is completedt a series of analyses will be carried out, ac- 
cording to the ZBXsel method. 

aOISTUEE* 

Twenty- five grams of saw-dust from the sealed contain- 
er are quickly weighed, ( dry wood is very hy^oscopic and should 
always be weighed in a closed vessel) placed in a 250-cc. flask, 
and treated with 75- cc. of water-saturated xylol. On distillation 



Jour. Chem. Soc. 55, 199 ( 1889 ). 
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** S«« B. Tollen's "Etirzes Handbuoh d. Kohlenhydrate ' . 
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the water and xylol pass over together and are oolleoted in a 
graduated fannel. The amount of water in cuhio oentlmeters can 
be read off directly.* 

In the case of hardwoods, where we have no volatile 
oil present » the moisture determination can be made directly by 
heating the saw-dust in an air-oven at 105^ C. to a minimum 
weight, the first weighing being made after twenty- four hours 
heating and subsequent weighings after twelve-hour intervals of 
heating* 



ASH. 



Sen grams of saw-dust are incinerated in a shallow 
platinum dish in the electric oven at 300^ 0. The contents of 
the dish should be stirred acoasionally, if necessary, to insure 
a complete combustion of the carbon. If the combustion As in- 
complete , the carbon will appear as a black, suspended material 
on treatment with dilute hydrochloric acid. In that case, it 
should be returned to the muffle until complete combustion has 
taken place. 

PRODUCTS OP AIKAIIBE HYDROLYSIS. 

It is often of great commercial importance to know 
the action of alkali upon various woods. The principal const i- 

* U. S. Dept. Agric. Forest Service Circular if 134* r^^^^T^ 
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tuents of the wood that are attacked by alkalis are the oarhohy- 
dratea^ resins^ tannins^ and the llgnin < in part* Of oourse^ the 
cellulose will also he attacked after a time If the concentration 
of the alkali Is great enough. The results from this determina- 
tion gives us only the loss due to hydrolysis ^ and not the amount 
of each substance hydrolysAdt 

(a) -Two grams of dry saw-dust are placed In a 400- cc* beak- 
er, covered with a watch-glass and 300- oc* of I^ sodlun hydroxide 
added. The solution Is allowed to remain at room temperature for 
48 hours with frequent stirring # The saw^dust Is then collected 
in a tared alundum crucible, washed, dried at 106^ C« and weighed 
in a weighing-bottle. The difference in weight is the loss due 
to hydrolysis at room temperature* 

(b)-Two grams of dry shavings are placed in a 850-cc. beak- 
er, covered with a watch-glass and 100- oc# of IjS sodium hydroxide 
added. The solution is gently boiled for ten minutes and the vol- 
kept constant by the addition of boiling, distilled water. Ihe 
solution should be stirred frequently to prevent bumping and ex- 
cessive foaming. The shavings are then collected in a tared, 
alundum crucible, washed thoroughly, dried at lOS"" C. and weighed 
in a weighing-bottle. 

(c)-The loss by hydrolysis by boiling the solution for one 
hour in place of ten minutes is determined in the same way; 
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SOLUBIIITY IS WATEE. 

Certain carbohydrates and chromogen substances are the 
chief constituents soluble in water. In some woods they occur 
free and in others probably in the form of glucosides. Since 
they are not all dissolved or hydrolyzed by either cold or hot 
water 9 accurate quantitative determinations are not possible. 

(a) -Cold V/ater Soluble- Two grams of saw-dust are placed 
in a 400-cc. beaker» 300 cc. of distilled water added and allow-* 
ed to digest the wood, with frequent stirring for forty-eight 
hours. I'he saw-dust is then transferred to a tared, alundum 
crucible, washed with one liter of distilled water, dried at 
105^ C. and weighed in the weighing-bottle. The loss in weight 
Is the percentage of wood soluble in cold water. 

yb)- Hot Water Soluble - ij^ive grams of saw-dust are extracts 
ed in a Soxhlet iiirtractor for five hours, or longer, if the water 
surrounding the shell is still colored. The shell and contents 
ate then dried and weighed. An alundum shell is very useful. 
The loss in weight is the percentage of wood soluble in hot water. 

VOLATIIE on. 

The volatile oil from coniferous woods consists chiefly 
of turpentine. Depending upon the species of wood, various other 
oils may be present, especially terpene hydrocarbons. 
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Ten grams of the saw-dust from the sealed container 
are distilled with steam for five hours. The saw-dust is then 
weighed. The percentage of moisture in the wood must be sub- 
tracted from the total loss to give the percentage of volatile 
oil. 

WAXES, PATS AliD RESIUS. 

In the majority of coniferous woods, the amoujit of 
waxes and fats is negligible, and the result of this determin- 
ation can therefor be recorded as resin content. 

Ten grams of saw-dust from the sealed container are 
extracted with ether in a Soxhlet Extractor, the amount of ma- 
terial extracted being determined by loas i4 weight of the sam- 
ple. It is necessary to correct for the loss of volatile oil 
and moisture. 

PENTOSAIJ kKD LIETHYL ^EilTOSAlJ. 

Two grams of saw-dust (for coniferous woods J or one 
to one cuid a half grams for hardwoods) are placed in a 250 cc. 
flask, provided with a seoaratery funnel and attached to a 
condenser. Add 100 ac. of I2>o hydrochloric acid ( sp. gr.I.06)* 
and distill at the rate of thirty cc. in ten minutes. 

* The solution of hydrochloric acid is conveniently prepared as 
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?ilter the distillate and as soon as thirty cc» are 
collected, thirty cc* of hydrochloric acid are added from the 
separatory funnel and the distillation is continued in this 
manner until 360* cc. of the distillate are collected* Add40-cc. 
of filtered phlorogHucine solution that has "been prepared at 
least a week previously hy heating eleven grains of phloroglu- 
cine in a heaker with 300 oc» of I2/0 hydrochloric acid* After 
the addition of the phlorogluvine the solution soon turns 
greenish-black* Let stand until next day, when the furfurol- 
phlorogluoide will have settled to the hottoin of the "beaker* 
If a drop of the super-^natant liquid gives a pink color with 
aniline acetate paper'^*, the precipitation of the furfurol is 
incomplete* il further amount of phloroglucine solution is then 
added and the beaker allowed to stand over night as above* 

follows: 

300 cc* of ordinary concentrated hydrochloric acid are 
diluted to a liter and coJbled to roora temperature with tap-water 
A hydrometer, reading 1.06 is suspended in the acid and by add- 
ing a small €imount of either acid or water, as necessary, the 
desired specific .gravity, 1.06, is easily obtained. 
"^^ The aniline acetate paper is conveniently prepared by dipp- 
ing strips of filter-paper in a solution of aniline acetate. 
The latter is prepared by adding acetic acid drop by drop to a 
mixture of eiual parts of aniline and water until a clear sol- 
ution is obtained* 
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The mixture of furfurol-phloroglucide and methyl fur- 
furol-phlotoglucide is filtered througha tared, alundum crucible 
and washed with 150 -oc# of distilled water, care "being taken 
that not all the water is removed from the crucihle until the 
very last in order to facilitate the filtration^ The crucihle 
is then dried for four hours in t water-oven and weighed in a 
weighing-hpttle^ The crucible is then placed in a modified 
Soxhlet Extractor and extracted with 95/5 alcohol until the al- 
cohol that siphons over is colorless. This dissolves the methyl 
furfurol-phloroglucide, leaving the furfurol-phloroglucide un- 
attacked# The crucible is then dried for two hours in the water 
oven and again weighed. The weight of tjie residual phlorogluc- 
ide subtracted from the v/eight of the mixed phloroglucides gives 
the weight of methyl furfurol-phloroglucide. From the weights o 
of furfurol-phloroglucide and methyl furfurol-phloroglucide ob- 
tained, the amount of pentosan and methyl pentosan present in the 
wood are calculated from the tables of Kroeber and Tollens*. 



CLLLULOSE. 

Two grams of oven dried shavings are gently boiled for 
thirty minutes in a £50-cc. beakor with 50 cc. of 1% sodium hy- 
droxide solution, the vtklume being kept constant by the addition 
of boiling water. The shavings are then transferred to a tared 

JUf 

alundum crucible and thoroughly washed with water, using the sue- 

A 

See Abderhalden- "Handbuch d. Biochem. Abbeitsraethoden^^^^S^^ 
Volume II, pp. 137 and 154. 
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tion pump^ The moist shavings are then returned to the 250 cc# 
I beaker with a pointed glass rod, evenly distributed over the bot- 
tom and subjected to a slow stream of washed chlorine gas for one 
half to one hour, depending upon the kind of wood treated. The 
end of the tube delivering the chlorine gas should be about one- 
half of an inch above the shavings ♦ Af**r the chlorine treat- 
oient, the shavings are treated with a solution of sulfur dioxide 
I in water until the chlorine odor disappears, transferred to the 

alundum crucible and washed with rater* The shavings are again 

j 

returned to the beaker with the glass rod, 100 cc« of Z^o sodium 
sulfite solution added, and heated on the steam-bath for one 
and a half hours. The fibres are then transferred to the cru- 
cible and v/ashed with water. The above treatment is eeldom 
sufficient to remove all the lignin, so that the treatment with 
the chlorine gas and subsequent treatment as outlined above, is 
repeated until the fibres are practically a uniform v/hite. The 
second and following treatments with chlorJne should not be 
longer than fifteen to thirty minutes. After all the lignin has 
been removed, the fibres are given a final bleaching with a O.I/'d 
solution of potassium permanganate and rendered colorless with 
the sulfur dioxide solution. The fibres are then thoroughly 
j washed with water and dried to a constant v/eight at 105 de>^reeB 
C. in the air-oven, the crucible being weighed in the weighing- 
bottle. 
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AGIJJ HYDROLYSIS. 

Two grams of saw-dust are treated with iOO-cc. of a 
Z.5fo solution of sulfuric acid and gently boiled for three 
hours, using the reflux condenser. Let stand until cool, w«8h 
down the condenser with a little distilled water, transfer the 
contents of the flask to a 250-cc. graduated flask, fill to the 
mark, let stand for eight hours with frequent shaking and then 
filter, with a lOO-cc. pipette, transfer 200-cc. of the fil- 
i trate to a 500-cc. flask, treat the contents with a clear, sat- 
urated solution of "barium hydroiride until just alkaline to 
phenolphthal*in and add fifteen cc. of 85^^ phosphoric acid. 
It is necessary to neutralize the sulfuric acid with "barium 
hyroxide as otherwise the organic matter in the solution will 
be charred before all the acetic acid is driven over, with the 
result that carbon dioxide, sulfucr dioxide, etc., are evolved 
and pass into the distillate, "he distillinp: flask is closed 

with a bubber stopper provided v/ith a separatory funnel and a 

•to 
thermometer whose bulb extends^tho bottom of the flask. The 

flask is so heated in an oil bath that the contents of the flask 

distill at the rate of about two drops a second. \:hen the ther- 

rnometer shows a temperature of 115 degrees 9., the distillation 

should bo carefully v/atchcd as a point will be reached at which 

the contents of the flask will foam up rapidly.. 7;hon the foam 

half fills the flask, 50- cc. of v/ater previously placed in the 
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eeparatory funnel, are rapidly run into trie flask and the distilr, 
lation continued until the contents again reach the foaming stage 
as described above. At this point the oil bath is lowered « blowing 
upon the flask if necessary, to check the foaming «and the distil- 
lation stopped«.The distillate is then treated with a N/IO sodium 
hydroxide solution, by using phenolphthalein as an indicator. The 
titration should then be corrected by running a blank (the latter 
being about O.SOcc. H/IO sodium hydroxide), multiplied by five- 
fourths, since only !^00cc were distilled and the product calculated 
as percentage acetic acid. In this hydrolysis, some formic acid 
is split off along with the acetic acid, but the entire acidity 
may be calculated as acetic acid without appreciable error. Dupli- 
cates should check within 0.2 percent. 

All distilled water used in this determination should be re lu- 
cent ly boiled t© expel carbon dioxide. 

The results of analysis on both the red oak and the red spruce 
are given below in tabular form. In order to make a logical com- 
parison between the sound and the decayed wood, the results obtain- 
ed were calculated on a dry wei,?:ht, equal volume and equal ash con- 
tent bases. At first sight, , calculations on an equal volume basis 
would appear to be the most the reasonable for comparison, i^ut 
there is quite an appreciable shrinkage in the decayed wood which 
is not accounted for in the results. The ash content of the sound 
and the decayed specimens would vary only to a slierht degree on 
an equal volume basis, provided no leacning has taken place and 
provided there is no similar effects produced by the fungus. CaL- 
culations on such a basis would therefore probably give us a more 
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ac curate comparison. 

The whole object of this research has "been to determine^ohemi- 
cal^ which occur in a given volume of souiid wood, subjected to com- 
plete decay by the fungi studied. The^ basis upon which these changes 
could be^with accuracy, would be to artificially rot known volumes 
of sound wood and determine quantitatively the exact residues in 
the decayed wood, basing all percentages upon the dry weight of 
the sound wood. Experiments have already been started in this labor- 
atory along this line* 
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Tho following table gives the change produced by the action of 

the fungus on the constituents of the wood. The results state the 
actual change that has taken place in a unit volume of sound wood. 

RED OAK RED BPRl/CE 

Moisture Z,9ii% 3»0Z% 

(a) Cold akaline hydrolysis 11.40 5. 03"" 

{\>) Hot " " (lOmin.) 8.89 4.74* 
(c) " '" " (I hr. J 11,20 

Volatile oil — 0.25* 

Resin 1.36* 

(a) Cold water soluble 0.56 2.83* 

("b) Hot " " 1.84* 3.84* 

Ash 0.33 0.45* 

Pentosan 18.63 9.12 

Methyl pentosan 0.26 1.04 

Cellulose 31.41 44.18 

3.(L0_ r.53 
Acid' hydrolysis 



'denotes an increase while the other percentages denote a loss* 
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Disregardlng the small amounts of ash, resin, vola- 
tile oil, tannins, eto», and calculating on the basis that the 
wood consists primarily of pentosan and methyl pentosan, cellu- 
lose and lignin, the following comparison can be made between 
tlie sound and decayed wood. 



RED OAK 



= SOUHD WOOD 


PECAYBD WOOD * | 


' Dry weight* 
; basis • 


•»• ••••••••• 

•ll^ry weight- 
hasis ; 


'Jfiqual'voltune' 
basis 


• 

Ash content j 
basis ; 


; 88.19^ ; 


1 Pentosan and 
Methyl pentosan' 


; zz.5Z}i ; 


; 9.30^ ; 


18.91^ \ 


: 61. II ; 


[Cellulose 


; 48.22 


; 19.70 


34.3a : 


' 20.70 " 

• < 

• •••••••••I 


; Lignin 

^# •••••##< 


; 28.46 

(••••..••••I 


71.00 


; 46.79 : 



RED SPRUCE 



; 14.88 ; 


Pentosan and 
1 Methyl pentosan; 


• II. 18 


• 


9.05 


t... .......... 

: i^64 : 


; 58.06 


;Cellulose 


; 41.71 




13.90 [ 


: 5.75 ; 


• 27.04 

^••# 1 


jLignin 
!•••••••#• i 


; 47.11 


• 
» • 1 • • 


77.05 


; 92.71 *: 
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Prom the^it is evident that the cellulose and the pentosan 
are the chief constituents decomposed by the fun^s* The reduction 
in pentosan is very marked. The pentosan, | often referred to as heml- 
oellulosefCgHeO^)^: )is therefore more easily attacked by the fun/z:us. 
It must also be born in mind that the pentoses fCgH^Og)^ may occur 
in the wood in the free condition, andHithe final analysis are re- 
corded as pentosan* We have therefore in this paricular instance 
a higher percentage of lignin in the decayed wood than in the sound 
wood, which is an Indication that the oxybenzene groups of the lignin 
have toxic properties* The fact that we do have a higher percentage 
of lignin in the decayed wood explains the higher yields of methyl 
alcohol from certain hardwoods when taken on adry weight basili.In 
other words the percentage of the meth-oxy group is greater inthe 
decayed wood and since the source of the meth-oxy group is in the 
lignin, the lignin content must therefore be greater as these analyses 
actually show. 
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Up to the present time very little work has been published deal- 
ing with the chemical decomposition of wood by funpji.Bhe work has been 
practically confined to elementary analysis^ 

The following are references to the chemical literature: - 

Schwalbe^C*6.-Chemie der Cellulose* 

Czapek.P. -Biochemie der Pflanzen. 

Tollens,3« -Kurzes Handbuoh der Kohlenhydrate. 

Euler, H. -Pflanzenchemie* 

ffehmer , I • -"^f lanzenst o f f e • 

Cross and Bevan-Researches on Cellulose-I-I895-I900* 
" " " "" f^ n 11.1900-1905. 

" " ** " If ft iii-^ 1906 I9I0. 

Eonig^ — Bestim. der Cellulose in Holzarten und Gespinfaser. 
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